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(57)Abstract: 

PROBLEM TO BE SOLVED; To reduce to the 
minimum timing jitter caused by variations in 
environmental condition such as vibrations, disturbance 
of air, change in temperature. 

SOLUTION: Two lasers are configured by using the an 
identical component in an identical container so as to be 
pumped by the same pump laser while maintaining a 
state in which the two lasers can be controlled 
independently. In particular, in the case of a fiber laser, 
two fibers are wound together around the same shaft 
(spool), 




I 



f W V 



2004-088120 - IM-046JPDIV 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A short-pulse-laser stabilization control method having an isolation step which isolates short 
pulse laser which consists of an optical fiber twisted around a fiber spool from outside 
environment. 
[Claim 2] 

A short-pulse-laser stabilization control method according to claim 1 , wherein said fiber spool 

insulates. 

[Claim 3] 

A short-pulse-laser stabilization control method according to claim 1 , wherein a coefficient of 
thermal expansion of said fiber spool and a coefficient of thermal expansion of said optical fiber 
are mutually in agreement. 
[Claim 4] 

Said short pulse laser is a high-speed short pulse laser as the 1st short pulse laser, and the 
stability of the 2nd short pulse laser, It is controlled with stabilization control of this 1st short 
pulse laser, and each of this 1st short pulse laser and this 2nd short pulse laser is fiber lasers, 
A composition step which constitutes this 1st short pulse laser and this 2nd short pulse laser from 
same device by the same method, 

A pumping step which carries out pumping of this 1st short pulse laser and this 2nd short pulse 
laser by common laser, 

this 1st short pulse laser and this 2nd short pulse laser are twisted around a common fiber spool *• 
- twisting - a step, 

An installation step which installs this 1st short pulse laser and this 2nd short pulse laser in a 
single container, 

A ****(ing) short-pulse-laser stabilization control method according to claim 1. 
[Claim 5] 

A short-pulse-laser stabilization control method reducing a timing jitter even to boundary 
wavelength by operating short pulse laser near zero-dispersion wavelength. 
[Claim 6] 

A short-pulse-laser stabilization control method having an installation step which installs short 
pulse laser into a container with which at least one side is given among noise insulation and 
temperature control. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 



This invention belongs to the technical field of ultrashort pulse width laser, and belongs to the 
device for performing the mechanical especially minimum (namely, micron scale) operation, and 
the technical field of a method. 
[Background of the Invention] 
[0002] 

Also when mode locking is being carried out passively [ also when laser is carrying out mode 
locking actively ] by related research, Or also in the case of the combination of a passive mode 
locked laser and an active mode locked laser, in order to stabilize timing between two mode 
locked lasers, several kinds of methods have been used. The method used for synchronization is 
roughly divided and is divided into two types of (1) passivity optical means and (2) electronic 
stabilization. The highest synchronous accuracy is attained by the passive optical means in which 
two laser is made to interfere via the optical effect (for example, refer to nonpatent literature 1-4). 
The terahertz (THz) electromagnetic imaging method using laser as a method of measuring the 
electric field distribution inside semiconductor devices, such as an integrated circuit and a 
semiconductor device, by un-destroying and non-contact one is known (for example, refer to 
nonpatent literature 1). After it impresses voltage to the circuit of a semiconductor device, this is 
irradiating a circuit surface with a laser beam, generates THz electromagnetic waves and 
measures the field intensity of a laser beam irradiation position from the amplitude strength of 
the generated electromagnetic wave. However, since only the amplitude strength of the generated 
electromagnetic waves was used for this conventional method, there was little information 
acquired by distinction of the direction of an electric field not sticking, and it was insufficient for 
an inspection and failure diagnosis of a semiconductor device. It was prescribed by the 
diffraction limit of the laser beam with which the spatial resolving power of measurement 
irradiates, and there was a problem in measuring the electric field distribution of a detailed 
integrated circuit in resolution. The conventional method can only measure the electric field 
distribution of the whole circuit, and was not able to measure electric field distribution of a 
specific region called only a signal path, for example. 
[0003] 

These optical effects (for example, mutual phase modulation etc.) generate the firm mode 
locking between two laser which synchronizes below with 1 pulse width (less than 100 
femtoseconds). The time lag between laser of what brings about synchronization with these most 
exact is being fixed firmly. Therefore, in order to scan the time lag between these, the usual 
physical scanning delay method must be used. 
[0004] 

According to the electronic stabilization which uses simple RF phase detection, when adjusting a 
relative time lag, pliability is acquired most, but at present, these systems cannot maintain 
accuracy of timing better than 2-3 pico seconds. Such a system is marketed, in order to stabilize 
Ti: sapphire laser according to external reference frequency or to take the synchronization of two 
mode locking Tiisapphire laser (Spectra-Physics Lok-to-Clock/TM system). If a pulsed light 
degree homologous term loop (POPLL) is used, stabilization better than 100 femtoseconds will 
be attained (this is the hybrid optical electronic method and is nonpatent literature 5 reference). 
In the literature, an electronic stabilization circuit brings about the timing error signal from an 
optical synchronous detector. However, this method has covered the synchronization (lock) of 



the same timing adjustment as the passive optical method, Adjustment of timing is possible at 
less than one pulse width. So, probably, it is necessary in one laser beam to face using the 
POPLL method and change relative pulse timing as more greatly [ than one pulse width ] as 
possible to insert a physical delay line of a certain kind. 
[0005] 

If a timing jitter peculiar to laser is reduced, the performance of the timing stabilization by the 
RF method will be able to be raised. When two laser is placed by the same possible 
environmental condition, a certain amount of reduction of a peculiar laser jitter is possible. 
Although sticky pulsed laser is indicated by Dykaar et al, in order to carry out pumping of the 
two fields where Ti;sapphire laser crystal is divided spatially, the laser beam divided spatially is 
used for it. It is indispensable to this that two laser currently divided is sharing most elements in 
the same pump laser, a laser crystal, the space of air, and other cavities except for an end mirror. 
Since two laser will experience the same temperature change, the noise of a pump laser, and 
turbulence if it does in this way, the difference in the jitter of repeatability is controlled by 
minimum. If it carries out like this, even if the optical interference between two laser is weak, 
two or more pulses can be synchronized together (lock). The general principle of "environmental 
coupling" is applicable also to the laser of other forms containing a mode locking fiber laser. 
However, the purpose of Dykaar et al. is to lock two laser together, and it should be cautious of it 
not being desirable in the place made into the purpose of this invention. It is because this time 
lag cannot be scanned. That is, the timing pulse from two laser of the above-mentioned sticky 
pulsed laser by which coupling was carried out is locked together through optical coupling. 
It is because it is independently uncontrollable, 

[Nonpatent literature 1] J.M.Evans, D.E.Spence, D.Burns, and W.Sibbet; "Dual-wavelength 
selfmode-locked Ti:sapphire lasers," Opt.Lett., 13, pp.1074-7, JuU, 1993 
[Nonpatent literature 2] M.R.X.de Barros and P.C.Becker; "Two-color synchronously mode- 
locked femtosecond Ti:sapphire laser." Opt.Lett., 18, pp.63 1-3, Apr. 15, 1993 
[Nonpatent literature 3] D.R.Dykaar and S.B.Darak; "Stickly pulses;two-colorcross-mode-locked 
femtosecond operation of a single Tksapphire laser. " Opt.Lett., 18, pp.634-7, Apr. 15, 1993 
[Nonpatent literature 4] Z.Zhang and T.Yagi, "Dual-wavelength synchronous operation of a 
mode-locked Ti:sapphire laser based on self-spectrum splitting." Opt.Lett., 18, pp,2126-8, 
Dec. 15, 1993 

[Nonpatent literature 5] S.P.Dijaili, J.S.Smith, and A.Dienes, "Timing synchronization of a 

pasively mode-locked dye laser using a pulsed optical phase locked loop" Appl.Phisics.Lett., 55, 

pp.41 8-420, Jul.1989 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0006] 

The purpose of this invention is to reduce the timing jitter produced by change of environmental 
conditions, such as disorder of vibration or air, and a temperature change, to the minimum. 
[Means for Solving the Problem] 
[0007] 

A short-pulse-laser stabilization control method of this invention has an isolation step which 



isolates short pulse laser which consists of an optical fiber twisted around a fiber spool from 

outside environment. 

[0008] 

A fiber spool is good to make it insulate. 
[0009] 

A coefficient of thermal expansion of a fiber spool and a coefficient of thermal expansion of said 

optical fiber are good to be mutually in agreement. 

[0010] 

When consisting of two short pulse fiber lasers, it is good to wind two fiber lasers around the 

same fiber spool, and to install in a single container. 

[0011] 

By operating short pulse laser near zero-dispersion wavelength, it is good to reduce a timing 

jitter even to boundary wavelength. 

[0012] 

A timing jitter can be reduced further, 

[Effect of the Invention] 

[0013] 

1) Since it is isolated from outside environment, it is not influenced by outside environment. 
[0014] 

2) Since it insulates, don f t receive the influence by a sound (vibration of air). 
[0015] 

3) It is not influenced by a temperature change. 
[0016] 

4) The relative timing drift and the absolute timing drift of two short pulse laser can be reduced, 
[The best gestalt and example for inventing] 

[0017] 

The desirable example of this invention which has adopted the two fiber lasers 210, i.e., master 

laser, and the slave laser 220 is shown in drawing 1 , 

[0018] 

Pumping of both the laser 210,220 is carried out by the laser diode LD 205 [ same ], and the 
power of the laser diode is divided by splitter SPL 206 to two laser. As for the master laser 210, 
the termination is formed of Faraday rotator (polariscope) mirror FRM 215. On the other hand, 
as for the slave laser 220, the termination is formed of optical assembly PZT-FRM 225. 
Although this is almost the same as FRM215, it differs in that the mirror is attached on PZT. The 
two fiber lasers 210,220 make the component the same mode locking optical system (namely, 
wavelength plate lambda/4, lambda/2, Faraday rotator FR, and polarization beam splitter PBS). 
Laser mode locking is put into operation by saturation absorber SA. the output pulse from the 
low noise output port of both the laser 210,220 - respectively ~ photo-diode PD-1 and PD-2 - 
therefore, it is detected. Both photo-diodes are used with the drive stabilizer 130. 
[0019] 

Both the fiber lasers 210,220 have nu<r4.629MHz nominal repeatability. These, Articles, such as 
Ferman. (ME.Ferman, L.M.Yang, M.L.Stock, and MJ.Andrejco, "Enviromentally stable Kerr- 
type mode-locked erbium fiber lazer) It is indicated by producing 360-fs pulses/'Opt.Lett., 10, 



pp.43-5, and Jan. 1994. In the literature, nonlinear polarization EVORUSHON (NPE) is used as a 
mode locking mechanism. Both the laser 210,220 has the same component except for the 
Faraday rotator mirror. That is, the master laser 210 is having the termination formed by Faraday 
rotator mirror FRM 215 of a single package. On the other hand, although the slave laser 220 is 
the same as that of FRM, the termination is formed of assembly PZT-FRM225 by which the 
mirror is attached on PZT and which is the separated component. The total displacement distance 
of PZT currently used here is 40 microns. Coupling of both the laser 210,220 is carried out 
thermally and dynamically by being twisted around the same fiber spool 280 together 
(maintained at status idem). Moreover, since pumping of both the laser 210,220 is carried out by 
the pump laser diode LD 205 [ same ], the pump noise in two laser correlates it. The relative 
timing between both the laser 210,220 is set up and stabilized with the stabilizer 130 including a 
PLL circuit. If the stabilizer 130 works once and both the laser 210,220 is set as a proper delay, 
an agitation signal will be impressed to PZT of the slave laser 220 so that it may be made to scan. 
An agitation signal is impressed by the signal generator 135, and in order to generate the signal 
for driving PZT, it is added to the stabilization signal output from the stabilizer 130. Or as the 
output of the stabilizer 130 includes both the stabilization signal and the agitation signal, an 
agitation signal may be generated from the stabilizer 130. Any laser 210,220 has two output 
ports relevant to the polariscope in a cavity, respectively. These two output ports are illustrated 
as two outputs of each PBS in drawing 1 . These two laser outputs have an extremely different 
mutually noise characteristic. That is, one side has noise a little and another side does not almost 
have noise. This is because of that of the optical marginal effect that happening to this kind of 
laser is known (it originates in NPE). It is detected by photo-diode PD-1 and PD-2 which 
generate the input to the stabilization circuit 130, and ** is this quiet output beam. Using a quiet 
output beam as an input to the stabilization circuit 130 helps to control a timing jitter to the 
minimum. 
[0020] 

A sinusoidal time scan is attained by the inverter which uses this twin fiber laser system. 
Drawing 2 shows the twocycle of the cross correlation scan (crossing correlation scan) between 
the two fiber lasers 210,220 shown in drawing 1 . This cross correlation scan is the data collected 
by single-engined data acquisition without equalization. Drawing 2 shows in more detail the 
cross correlation signal between the two fiber lasers 210,220 which you are made to scan by the 
agitation method of this invention in the scan frequency of 106 Hz, and 200 pico seconds of 
scanning zones. Here, drawing 2 is illustrating the scan for a twocycle fully, and shows the 
advance scan (FOWODOSUKYAN) and the retreat scan (back ward scan). It combines and the 
sine voltage currently impressed to the PZT controller and the trigger output of the signal 
generator 135 which has appeared as a square wave are illustrated. The plot of drawing 2 is 
obtained in the pulse from the two laser 210,220 through the modification synchronous detector 
which uses peace cycle mixing (sum frequency mixing) within a nonlinear crystal, i.e., a beta 
barium borate (BBO) crystal. 
[0021] 

Mechanical delay (delay) of a scan is used in one branch (one arm) of publicly known correlator 
(correlator). However, mechanical delay is not used in the correlator of this invention. All the 
scans are performed by the above-mentioned laser shaking method. The sine voltage currently 



impressed to the PZT controller and the trigger output from the signal generator 135 are 
illustrated by drawing 2 . The move end of PZT marked on the graph should care about that the 
phase has separated only 90 degrees from the impressed sine wave. A scanning zone is about 200 
pico seconds in the scan frequency of 100 Hz. This is equivalent to the 3-cm physical delay with 
the repeatability of 100 Hz. However, in this twin laser system, the same scanning zone as this is 
attained by moving mere 2-3 microns of PZT(s) of the slave laser 220. 
[0022] 

This cross-correlation method was used in order to measure the timing jitter between the two 
laser 210,220. Proofreading of timing is performed by ****(ing) a glass etalon with a thickness 
of 2 mm which makes the train of impulses separated only 20 pico seconds to one branch of 
correlator. These trains of impulses are on the scan in drawing 2 , and can be recognized visually 
clearly. The time scale which extended the same scan is illustrating drawing 3 . The duplicate of 
two pulses (one laser has satellite pulses) which were generated by ****(ing) a 2 -mm glass 
etalon to one branch of correlator from the figure and which are vacating the interval for the 
neighborhood very much, and the pulse of this couple can be grasped. The pulse of this couple 
has separated only 20 pico seconds corresponding to the optical thickness of an etalon from the 
main (main) pulse pair (just). Here, pulse width is in a 1-pico second order, and only 2-3 pico 
seconds, satellite pulses separate from a main pulse and exist. Therefore, the RMS timing jitter 
was measured with deltaTj=5 pico second with the deviation of the timing by the situation up to 
**20 pico seconds. The data of the timing jitter is shown in drawing 4 , and each data point 
expresses the relative time lag during the scan of each laser 210,220 in the scanning rate of 106 
Hz with the figure. This measured jitter has illustrated the limit of the accuracy of the electronic 
PLL circuit of the stabilizer 130, and it has illustrated how the information on timing is acquired 
precisely in spite of a jitter like this. If a scan is performed quickly enough, the relative timing 
jitter within a scan time can be made very small. And if a stable timing pulse sequence is 
acquired by letting a laser pulse pass to an etalon, for example, even the jitter between scan times 
can be known correctly. Thus, though laser has a several pico seconds jitter, a scan characteristic 
becomes clear in the accuracy of a sub picosecond. 
[0023] 

The use of two or more laser packed together (KO packaging) is serious. 
[0024] 

In the dual laser system which is not nice, setting up is independently finished on the pedestal 
(breadboard) from which the laser of the same couple differs, and pumping was carried out by 
different laser just because it was assembled by this invention person before. Even if it used a 
stabilizer, before the mismatch of cavity length exceeded 40 microns of the moving range of PZT, 
it was about only 30 minutes that the slave laser was following in footsteps of master laser. At 
this (a mismatch exceeds 40 microns) time, imitation (tracking) became impossible. So, even if it 
is under a normal room temperature, the drift of the mismatch of the cavity length between the 
couples of 5-MHz laser has exceeded easily 40 microns which is a movable range of a great 
portion of PZT. 
[0025] 

Symmetrically, since this can follow indefinitely the system by which this invention was packed 
together, it shows that the mismatch of cavity length has stopped splendidly within the 40- 



micron restriction by PZT at the bottom of a normal indoor state. According to measurement of 
the absolute value of a frequency drift, and measurement of a relative value, about [ of the 
absolute drift of one laser ] 1/7 understands that the relative frequency drift between the two laser 
210,220 is small. A relative drift is on manufacture and can improve still smaller by making two 
laser very identically. . [ whether it is because this forms the termination of both the laser 
210,220 with the same PZT-FRM assembly, and ] Or it can attain by forming the termination of 
both the laser 210,220 with the same FRM package, and changing the cavity length of the slave 
laser 220 by a fiber stretcher. 
[0026] 

In order to reduce further both a relative timing drift and an absolute timing drift, it is good to 
insulate the fiber spool 280 and other components, and to constitute two laser in the same 
container. If it carries out like this, it will insulate and temperature will also be controlled. All the 
above-mentioned all directions methods are used the place got blocked, A relative timing jitter 
even to boundary wavelength. It reached (H.A.Haus and A.Mecozzi, "Noise of mode-locked 
lasers," IEEE J. Quantum Electron., QE-29, pp.983-996,March 0993). By operating a mode 
locked laser near the wavelength of distributed zero, a jitter is reduced further and it will deal in 
it, since the timing jitter by boundary wavelength increases with increase of distribution 
(DISUPASHON). 
[0027] 

By disturbing the end mirror of a mode locked laser, change of the amplitude in scan frequency 
is induced because of the misalignment of a mirror, and a focus blank. By making a focus 
connect to a PZT mirror so that the sensitivity of an angle may be reduced, an operation of 
misalignment is minimized again by using the three-point attitude mirror scan PZT so that 
alignment may be maintained, although it can do with a commercial Fabry-Perot interferometer. 
The influence of a focus blank may be generated when so small that scanning amplitude is 
permissible to the confocal parameter of beam waist incidence (beam waist incident) to a PZT 
mirror. In a fiber laser, this focus blank causes reduction of the coupling efficiency (coupling 
EFESHI Enshi) of the beam which returns in a fiber, and causes change of power shortly. So, the 
depth of focus of a PZT mirror being shallow (tightness focusing) is that it is not desirable. The 
influence of this focus blank can be reduced by wise selection of the collimation of a beam. For 
example, if PZT with a 40-micron scanning zone is used, at least 2-3 mm will be required for a 
confocal parameter. Then, it is quite small that the quantity of 2 (deltaL/ZiO is 10 ~ 4 about noting 
that Zr is a confocal parameter of the beam waste in a PZT mirror. If this quantity is small, the 
amplitude modulation of laser is small in connection with this. 
[0028] 

Even if it even if brings some change to the amplitude which the slight misalignment of a mirror 
is scanning, stability of the waveguide characteristic (guiding property) of a fiber, therefore beam 
directivity (pointing) is not ******( e d) rather. However, if measurement is not performed so that 
generating of the deviation of an output beam may be prevented when a solid-state mode locked 
laser is used, the deviation of some output beams may arise. 
[0029] 

As laser system of a modification mode, the termination of both laser may be formed by the 
same FRM, and cavity length is adjusted with a PZT fiber stretcher. Such a piezo ceramic-tube 



actuator (PiT40xl8xl) is manufactured by piezo mechanical incorporated company in Germany. 
[0030] 

Although this invention has been explained with reference to a desirable example, application is 
not limited to these examples. It is clear to a person skilled in the art that there are the 
modification mode and variation of others to this invention from the above indication and 
instigation. Therefore, although the examples of this invention which was taken up here and has 
been explained are some those mere, it is clear for many modification to be possible on it in 
addition, without separating from the thought and the view of this invention. 
[Brief Description of the Drawings] 
[0031] 

[Drawing H The mimetic diagram showing the composition of the twin fiber laser system of this 
invention (in a same system, the fiber of both laser is wound around the same axis, and uses the 
two same mode locking fiber lasers that use nonlinear polarization deployment (EVORUSHON) 
as a mode locking mechanism.) 

[Drawing 2] The graph which shows the cross correlation signal between two fiber lasers scanned 
by the method of shaking this invention 

[Drawing 31 The expansion graph which shows the cross correlation signal between two fiber 
lasers scanned by the method of shaking this invention 

[Drawing 41 The graph which shows the timing jitter between two fiber lasers scanned by the 
method of shaking this invention 
[Description of Notations] 
[0032] 

130: PLL circuit stabilizer 

135: Signal generator 

210: Master laser 

220: Slave laser 

206: splitter (SPL) 

215: Faraday rotator mirror (FRM) 

225: optical Assen Puri (PZT-FRM) 

250: Laser diode (LD) 

280: Fiber spool 



TECHNICAL FIELD 



[Field of the Invention] 
[0001] 

This invention belongs to the technical field of ultrashort pulse width laser, and belongs to the 
device for performing the mechanical especially minimum (namely, micron scale) operation, and 
the technical field of a method. 



PRIOR ART 



[Background of the Invention] 
[0002] 

Also when mode locking is being carried out passively [ also when laser is carrying out mode 
locking actively ] by related research, Or also in the case of the combination of a passive mode 
locked laser and an active mode locked laser, in order to stabilize timing between two mode 
locked lasers, several kinds of methods have been used. The method used for synchronization is 
roughly divided and is divided into two types of (1) passivity optical means and (2) electronic 
stabilization. The highest synchronous accuracy is attained by the passive optical means in which 
two laser is made to interfere via the optical effect (for example, refer to nonpatent literature 1-4), 
The terahertz (THz) electromagnetic imaging method using laser as a method of measuring the 
electric field distribution inside semiconductor devices, such as an integrated circuit and a 
semiconductor device, by un-destroying and non-contact one is known (for example, refer to 
nonpatent literature 1), After it impresses voltage to the circuit of a semiconductor device, this is 
irradiating a circuit surface with a laser beam, generates THz electromagnetic waves and 
measures the field intensity of a laser beam irradiation position from the amplitude strength of 
the generated electromagnetic wave. However, since only the amplitude strength of the generated 
electromagnetic waves was used for this conventional method, there was little information 
acquired by distinction of the direction of an electric field not sticking, and it was insufficient for 
an inspection and failure diagnosis of a semiconductor device. It was prescribed by the 
diffraction limit of the laser beam with which the spatial resolving power of measurement 
irradiates, and there was a problem in measuring the electric field distribution of a detailed 
integrated circuit in resolution. The conventional method can only measure the electric field 
distribution of the whole circuit, and was not able to measure electric field distribution of a 
specific region called only a signal path, for example. 
[0003] 

These optical effects (for example, mutual phase modulation etc.) generate the firm mode 
locking between two laser which synchronizes below with 1 pulse width (less than 100 
femtoseconds). The time lag between laser of what brings about synchronization with these most 
exact is being fixed firmly. Therefore, in order to scan the time lag between these, the usual 
physical scanning delay method must be used. 
[0004] 

According to the electronic stabilization which uses simple RF phase detection, when adjusting a 
relative time lag, pliability is acquired most, but at present, these systems cannot maintain 
accuracy of timing better than 2-3 pico seconds. Such a system is marketed, in order to stabilize 
Ti: sapphire laser according to external reference frequency or to take the synchronization of two 
mode locking Ti:sapphire laser (Spectra-Physics Lok-to-Clock/TM system). If a pulsed light 
degree homologous term loop (POPLL) is used, stabilization better than 100 femtoseconds will 
be attained (this is the hybrid optical electronic method and is nonpatent literature 5 reference). 
In the literature, an electronic stabilization circuit brings about the timing error signal from an 
optical synchronous detector. However, this method has covered the synchronization (lock) of 
the same timing adjustment as the passive optical method. Adjustment of timing is possible at 



less than one pulse width. So, probably, it is necessary in one laser beam to face using the 
POPLL method and change relative pulse timing as more greatly [ than one pulse width ] as 
possible to insert a physical delay line of a certain kind. 
[0005] 

If a timing jitter peculiar to laser is reduced, the performance of the timing stabilization by the 
RF method will be able to be raised. When two laser is placed by the same possible 
environmental condition, a certain amount of reduction of a peculiar laser jitter is possible. 
Although sticky pulsed laser is indicated by Dykaar et al., in order to carry out pumping of the 
two fields where Ti:sapphire laser crystal is divided spatially, the laser beam divided spatially is 
used for it, It is indispensable to this that two laser currently divided is sharing most elements in 
the same pump laser, a laser crystal, the space of air, and other cavities except for an end mirror, 
Since two laser will experience the same temperature change, the noise of a pump laser, and 
turbulence if it does in this way, the difference in the jitter of repeatability is controlled by 
minimum. If it carries out like this, even if the optical interference between two laser is weak, 
two or more pulses can be synchronized together (lock). The general principle of "environmental 
coupling" is applicable also to the laser of other forms containing a mode locking fiber laser. 
However, the purpose of Dykaar et al. is to lock two laser together, and it should be cautious of it 
not being desirable in the place made into the purpose of this invention. It is because this time 
lag cannot be scanned. That is, the timing pulse from two laser of the above-mentioned sticky 
pulsed laser by which coupling was carried out is locked together through optical coupling. 
It is because it is independently uncontrollable. 

[Nonpatent literature 1] J.M.Evans, D.E.Spence, D.Burns, and W.Sibbet; "Dual-wavelength 

selfmode-locked Ti:sapphire lasers." Opt.Lett., 13, pp. 1074-7, Jul.l, 1993 

[Nonpatent literature 2] M.R.X.de Barros and P.C.Becker; "Two-color synchronously mode- 

locked femtosecond Ti: sapphire laser." Opt.Lett., 18, pp.63 1-3, Apr. 15, 1993 

[Nonpatent literature 3] D.R.Dykaar and S.B.Darak; "Stickly pulses:two-colorcross-mode-locked 

femtosecond operation of a single Ti:sapphire laser. " Opt.Lett,, 18, pp.634-7, Apr.15, 1993 

[Nonpatent literature 4] Z.Zhang and T.Yagi, "Dual-wavelength synchronous operation of a 

mode-locked Ti:sapphire laser based on self-spectrum splitting." Opt.Lett., 18, pp.21 26-8, 

Dec. 15, 1993 

[Nonpatent literature 5] S.P.Dijaili, J.S.Smith, and A.Dienes, "Timing synchronization of a 
pasively mode-locked dye laser using a pulsed optical phase locked loop" Appl.Phisics.Lett., 55, 
pp.41 8-420, Jul. 1989 



EFFECT OF THE INVENTION 



[Effect of the Invention] 
[0013] 

1) Since it is isolated from outside environment, it is not influenced by outside environment. 
[0014] 



2) Since it insulates, don't receive the influence by a sound (vibration of air). 
[0015] 

3) It is not influenced by a temperature change. 
[0016] 

4) The relative timing drift and the absolute timing drift of two short pulse laser can be reduced. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 
[0006] 

The purpose of this invention is to reduce the timing jitter produced by change of environmental 
conditions, such as disorder of vibration or air, and a temperature change, to the minimum. 



MEANS 



[Means for Solving the Problem] 
[0007] 

A short-pulse-laser stabilization control method of this invention has an isolation step which 
isolates short pulse laser which consists of an optical fiber twisted around a fiber spool from 
outside environment. 
[0008] 

A fiber spool is good to make it insulate. 
[0009] 

A coefficient of thermal expansion of a fiber spool and a coefficient of thermal expansion of said 

optical fiber are good to be mutually in agreement. 

[0010] 

When consisting of two short pulse fiber lasers, it is good to wind two fiber lasers around the 

same fiber spool, and to install in a single container. 

[0011] 

By operating short pulse laser near zero-dispersion wavelength, it is good to reduce a timing 

jitter even to boundary wavelength. 

[0012] 

A timing jitter can be reduced further. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0031] 



[Drawing 1 ] The mimetic diagram showing the composition of the twin fiber laser system 
of this invention (in a same system, the fiber of both laser is wound around the same axis, 
and uses the two same mode locking fiber lasers that use nonlinear polarization 
deployment (EVORUSHON) as a mode locking mechanism.) 

[Drawing 2] The graph which shows the cross correlation signal between two fiber lasers 
scanned by the method of shaking this invention 

[Drawing 3] The expansion graph which shows the cross correlation signal between two 
fiber lasers scanned by the method of shaking this invention 

[Drawing 4] The graph which shows the timing jitter between two fiber lasers scanned by 
the method of shaking this invention 
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